Objective: To investigate whether circulating levels of testosterone (total, bioavailable), estradiol (total, bioavailable), and DHEA sulfate (DHEAS) are associated with fasting plasma homocysteine (tHcy) levels in middle-aged and elderly men. Design: A population-based sample of 400 independently living men between 40 and 80 years of age in a cross-sectional study. Methods: Total testosterone, sex hormone binding globulin (SHBG), and total estradiol were measured by RIA methods and bioavailable testosterone and estradiol were calculated. DHEAS was measured using an immunometric technique. Fasting homocysteine was measured by fluorescence polarization immunoassay. Anthropometric characteristics were also measured and two standardized questionnaires completed, including life-style factors and diet. Linear regression analysis adjusted for age, body mass index (BMI), creatinine clearance, and mean visceral fat was used to assess the association of endogenous sex hormones and fasting plasma homocysteine levels. Results: After adjustment for age, BMI, creatinine clearance, and mean visceral fat no statistically significant association was observed between testosterone (total, bioavailable), DHEAS, and estradiol (total, bioavailable)levels with natural log tHcy (bZK2!10 K3 ; 95% confidence intervals (CI) K9! 10 K 3 ; 5!10 K3 ), (bZK4!10 K3 ; 95% CI K18!10 K3 ; 9!10 K3 ), (bZ3!10 K3 ; 95% CI K6!10 K3 ; 12!10 K3 ), (bZK9.3!10 K5 ; 95% CI K1!10 K3 ; 1!10 K3 ), and (bZ0.00; 95% CI K3!10 K3 ; 2! 10 K3 ) respectively. Additional adjustment for smoking, alcohol intake, daily physical activity, diabetes mellitus, and hypertension did not change these findings. Conclusion: The results of our study do not support a direct role for circulating sex hormone levels in the regulation of fasting plasma tHcy concentrations in middle-aged and elderly men.
Introduction
Endogenous androgens are increasingly being investigated in relation to cardiovascular risk factors and as potential predictors of health problems affecting men (1) . Testosterone and estradiol levels (total, free, and non-sex hormone binding globulin (SHBG)-bound) decline significantly with ageing, whereas SHBG levels increase, making the effective decrease in free and bioavailable testosterone and estradiol even more pronounced (2) . Other important androgenic hormones demonstrating age-related declines are the circulating levels of DHEA and its sulfate (DHEA-S) (3, 4) .
Many studies have demonstrated that the lower androgen levels are associated with an increased risk of cardiovascular disease (CVD) (5, 6) . Others however found no relationship (7) (8) (9) (10) .
Increased levels of plasma total homocysteine (tHcy) are also common in elderly people (11, 12) . Plasma tHcy has shown to be a strong and independent risk factor for CVD (13, 14) , although the etiological meaning of this finding is less clear, since recent studies indicate that lowering tHcy levels does not decrease CVD risk (15, 16) .
A few prior studies have reported data on the probable association of various endogenous sex hormones and homocysteine levels. It has been shown that men have higher tHcy concentrations than women, typically about 10-15% higher levels but this difference is attenuated after menopause (17) . One study found that tHcy levels are typically lower during pregnancy, a state characterized by high levels of endogenous estrogens (18) . Moreover, plasma tHcy concentrations were high in patients with polycystic ovary syndrome, a condition characterized by androgen excess (19) . In addition, a study in transsexual males and females subjects (20) . Androgen supplementation has been found to induce hyperhomocysteinemia in men taking anabolic androgenic steroids, and also in men with Klinefelter's syndrome when given supraphysiologic doses of testosterone (21, 22) . These evidences could be mediated by possible association between endogenous sex hormone and tHcy levels. The aim of present study was to determine the relation of endogenous testosterone (total, bioavailable), total estradiol, DHEA-S levels, and fasting plasma tHcy levels in middle-aged and elderly men.
Subjects and methods
We conducted a cross-sectional study in 400 men aged 40-80 years apparently healthy at the time of enrollment. Details of the study design, recruitment, and procedures have been published (23, 24) . The study was approved by the institutional Review Board of the University Medical Center Utrecht and written informed consent was obtained from all participants.
Homocysteine measurement
Fasting plasma concentration of tHcy was determined as free plus protein-bound tHcy by Fluorescence Polarization Immunoassay on an IMx Analyzer (Abbott Diagnostics, Hoofddorp, The Netherlands). For variation reduction in plasma tHcy measurement, sampling was done in standardized sitting down position. The samples were coagulated with EDTA and centrifuged after collection (25) . The inter-assay variation is 3.9; 4.2 and 3.9% at 9.9; 18.1 and 41.0 mmol/l respectively (nZ 73) and the lower limit of detection was 0.5 mmol/l.
Sex hormone measurements
A venapuncture was performed between 0800 and 1000 h after overnight fasting and a blood sample was obtained. Platelet-free serum and plasma was obtained by centrifugation and immediately stored at K20 8C. Circulating androgens levels were measured in serum. Total testosterone (TT) was measured after diethyl ether extraction using an in-house competitive RIA employing a polyclonal anti-testosterone-antibody (Dr Pratt AZG 3290). The lower limit of detection was 0.24 nmol/l and the inter-assay variation was 6.0; 5.4 and 8.6% at 2.1; 5.6 and 23 nmol/l respectively (nZ85). Bioavailable testosterone (free plus albumin bound) was calculated from measures of TT and immunoassayed SHBG concentrations and albumin using the method described by Vermeulen et al. (26) . Estradiol was measured after diethyl ether extraction and Sephadex chromatography using an in-house competitive RIA employing a polyclonal anti-estradiol-antibody (Dr F de Jong, Erasmus MC, Rotterdam, The Netherlands). The lower limit of detection was 20 pmol/l and the inter-assay variation was 10.0% at 81 pmol/l and 3.1% at 660 pmol/l (nZ24, resp. 17). Bioavailable estradiol was calculated using the method described by Södergard et al. (27) . This method is based on the knowledge of the total concentration of all steroids competing for the same binding site on SHBG, the concentration of albumin (using a fixed concentration of 40 g/l), the binding capacity of SHBG, and the association constant of estradiol to the binding proteins. DHEA-S was measured using an immunometric technique on an advantage chemiluminescence system (Nichols Institute Diagnostics, San Juan Capistrano, CA, USA). The lower limit of detection was 0.1 mmol/l and the inter-assay variation was 5.2; 5.6 and 4.2% at 1.0; 4.9 and 14.2 mmol/l respectively (nZ19). SHBG was measured using an immunometric technique on an IMMULITE Analyser (Diagnostic Products Corporation, Los Angeles, CA, USA). The lower limit of detection was 5 nmol/l and the inter-assay variation was 6.1% at 11.6 nmol/l, 4.9% at 36 nmol/l, and 6.9% at 93 nmol/l (nZ30).
Other measurements
A trained physician obtained information on prevalent diseases, medication use, and life-style factors. Smoking was estimated from self-report and categorized in present, former, and never smokers. Alcohol consumption was assessed by a validated Food Frequency Questionnaire designed to estimate regular intake of 178 food items in the year prior to enrolment (28) . Height and weight were measured in standing position without shoes. Waist and hip circumference were measured using a standard household tapemeasure and rounded to the nearest centimeter. Waist-to-hip ratio was calculated by dividing waist circumference by hip circumference. Blood pressure (BP) was measured twice at the right brachial artery with a semiautomated device (Dinamap, GE HealthCare, Tampa, FL, USA). The average of the two measurements of systolic and diastolic BP was used for analysis and further calculation. Body mass index (BMI) was calculated as the weight in kilograms divided by the square of the height in meters (kg/m 2 ). Visceral and s.c. fat were measured using ultrasound measurement (29) . Ultrasonography was performed with an HDI 3000 (Philips Medical Systems, Eindhoven, The Netherlands) using a C 4-2 transducer. For all images, the transducer was placed on a straight line drawn between the left and the right midpoints between the lower rib and the iliac crest. Measurements were made at the end of quiet expiration applying minimal pressure without displacement of intra-abdominal contents as observed by ultrasound image. Visceral fat comprises the distance between peritoneum and lumbar spine. s.c. fat comprises the distance between the skin and the linea alba. For the measurement of visceral fat mass, we measured distances from three different angles (medial, left, and right). For the s.c. fat mass, the distance from the medial angle was measured in threefold. The mean of the three different measurements was calculated and used in our analyses (30) . Physical activity was assessed using a questionnaire validated in an elderly population and was categorized in quartiles (31) .
Fasting glucose levels were assessed using a Gluco-Touch reflectometer (LifeScan, Inc., Benelux, Beese, Belgium), a reagent-strip glucose oxidase methods. Serum creatinine was measured by the Jaffe rate method (The SYNCHRON LXi 725, Beckman Coulter, Fullerton, CA, USA). Creatinine clearance was calculated from serum creatinine, age, and body weight according to the Cockcroft-Gault formula (140-age (year)!weight (kg)!constant/serum creatinine (mmol/l)) (32) . An automatic enzymatic procedure was used to determine serum total cholesterol (Synchron LX Systems; Beckman Coulter). High-density lipoprotein cholesterol and triglycerides were measured similarly.
Diabetes mellitus was defined as treatment with insulin or oral hypoglycemic agents or fasting plasma venous glucose O6.9 mmol/l. Hypertension was defined as systolic BP R160 mmHg and/or diastolic BP R95 mmHg and/or use of anti-hypertensive medication. Hyperlipidemia was defined as serum total cholesterol O6.5 mmol/l and/or treatment with lipidlowering medication. The subject's customary alcohol intake, caffeine use, daily intake of vitamin B groups, protein, methionine, and folate were estimated from a validated food frequency questionnaire. Presence of CVD was defined as coronary heart disease, peripheral artery disease, or stroke.
Data analysis
The data were analyzed using the SPSS statistical package for windows version 11.0 (SPSS Inc., Chicago, IL, USA). We excluded the subjects with cardiovascular disease (CVD) (nZ58) because it has been shown that patients with prevalent CVD have higher homocysteine levels and lower sex hormone levels than patients without. Therefore, inclusion of subjects with prevalent disease may lead to spurious correlation. We examined the normality assumptions for the variables with the Kolmogorov-Smirnov test. Since the tHcy and triglyceride concentrations were skewed, we used log-transformed values. For alcohol consumption as data suggested the presence of a J-shaped relation, therefore alcohol intake was divided into four levels (0K3, 4K 10, 11K21 and 22-higher unit per week) and the first group was chosen as the reference group in the analysis. The alcohol intake levels and smoking were put into the model as dummy variables. The association between circulating serum sex hormone levels and natural log plasma tHcy was examined using linear regression coefficients (b) and corresponding 95% confidence intervals (CI). To determine whether and to what extent the observed associations of sex hormone levels with might be explained by intermediate factors, multivariate regression analysis were used with adjustment for age, BMI, creatinine clearance, and mean visceral fat, as based on literature indicating there to be major determinants of circulating sex hormones and plasma tHcy (model A). Further adjustment has been done for smoking, alcohol intake and daily physical activity (model B), and hypertension and diabetes mellitus (model C) respectively. Because of the large effect of age and obesity (waist-to-hip ratio R0.98) on plasma tHcy and sex hormone levels, effect modification was tested by adding the interaction terms to the multivariate model. Stratified analyses were presented when the interaction term was statistically significant (P value !0.05).
Results
The mean age of the population was 60 years and the median of fasting tHcy was 12.10 mmol/l (9.40-17.50) ( with the highest bioavailable testosterone level were younger, less likely to have CVD, hypertension and diabetes mellitus, and more likely to be a present smoker. General characteristics of study subjects across the quartiles of bioavailable testosterone levels are shown in Table 2 . In the unadjusted model, natural log homocysteine decreased significantly with increasing testosterone (total, bioavailable) levels; natural log homocysteine was 8!10 K3 (95% CI K14!10 K3 ; 2!10 K3 ) mmol/l and 17!10 K3 (95% CI K28!10 K3 ; K5!10 K3 ) mmol/l lower for each one nmol/l increase in testosterone (total, bioavailable) levels respectively. Multiple regression analysis adjusted for age, BMI, creatinine clearance, and mean visceral fat showed no statistically significant association between testosterone (total, bioavailable), DHEAS, and estradiol (total, bioavailable) levels with natural log tHcy (bZK2!10 K3 ; 95% CI K9!10 K3 ; 5!10 K3 ), (bZK4!10 K3 ; 95% CI K18!10 K3 ; 9!10 K3 ), (bZ3!10 K3 ; 95% CI K6! 10 K3 ; 12!10 K3 ), (bZK9.3!10 K3 ; 95% CI K1! 10 K3 ; 1!10 K3 ), and (bZ0.00; 95% CI K3!10 K3 ; 2!10 K3 ) respectively (Table 3 ). Further adjustment for smoking, alcohol intake, and daily physical activity diabetes mellitus, hypertension did not materially alter the results (bZK2!10 K3 ; 95% CI K10!10 K3 ; 5! 10 K3 ), (bZK4!10 K3 ; 95% CI K19!10 K3 ; 10! 10 K3 ), (bZ2!10 K3 ; 95% CI K8!10 K3 ; 12!10 K3 ), (bZ0.00; 95% CI K1!10 K3 ; 1!10 K3 ), and (bZ0.00; 95% CI K3!10 K3 ; 2!10 K3 ) respectively.
Discussion
In this population-based study, we found no support that circulating testosterone (total, bioavailable), estradiol, or DHEA sulfate levels and fasting plasma tHcy are independently related in middle-aged and elderly men.
Our result in this study is in some part in agreement with results of previously conducted studies, which showed no association between fasting plasma tHcy and androgen supplementation in healthy men. In a crossover study which has been conducted to assess the effects of supraphysiologic does of testosterone, with or without aromatization to estradiol in eugonadal men, it has been shown that fasting tHcy levels were not significantly altered during either testosterone condition, suggesting that testosterone and its aromatization to estradiol does not affect tHcy concentrations (33) . A case-control study of patients with idiopathic hypogonadotropic hypogonadism treated with gonadotropin and controls showed that plasma tHcy concentrations were independent of changes in androgen levels (34) . Similar to present finding in a prospective clinical study, it has been shown that supraphysiologic doses of testosterone increased plasma tHcy levels in men with Klinefelter's syndrome potentially through changes in creatinine, cobalamin, and folate (22) . However, in a study performed in transsexual male and female subjects, plasma tHcy levels increased after androgen administration to female (transsexual) subjects and substantially decreased in male (transsexual) subjects after estrogen and anti-androgen administration respectively (20) . Similarly, in young bodybuilders, the intake of anabolic androgenic steroid induced acute hyperhomocysteinemia (21) . The best explanation for the observed gender difference in plasma tHcy concentration is the relation of tHcy concentrations with lean body mass, protein turnover, and creatinine production, all of which tend to be higher in men than women (35) . The relation between circulating concentrations of tHcy and serum creatinine, as one of the most important determinants of fasting homocysteine, may largely reflect the effect of renal function on homocysteine concentrations, but tHcy and creatinine could be also be related because of increased homocysteine production during creatinine metabolism. In female to male transsexuals, in addition to plasma creatinine levels, the creatinine excretion rate, lean body mass, and BMI increased. Therefore, sex steroid-induced change in plasma tHcy levels could conceivably be explained by their anabolic/ catabolic effects.
Exogenous estrogen in elderly men has been suggested to reduce plasma tHcy levels (36) . Previous studies have suggested a protective role for endogenous estrogens in cardiovascular system in men (37) . Furthermore, estradiol supplementation has been shown to improve endothelial function in both elderly hypogonadal and healthy men receiving testosterone (38, 39) . It has been suggested that the suppression of endogenous estrogens with an aromatase inhibitor resulted in a decrease in the estradiol level and an impairment of endothelial function, determined by flow-mediated dilatation of the brachial artery, without significant changes in lipoproteins or homocysteine (40) . It has been suggested that the estradiol prevents Hcy-induced endothelial damage in male rats (41) . The most important beneficial effects of estradiol on CVD are opposite of those harmful effects induced by Hcy. Furthermore, it has been found in this study that the beneficial effects of estradiol on endothelium were related closely to lower serum tHcy concentrations.
DHEAS is an abundant steroid hormone that is a precursor for both estrogens and testosterone with unknown biological functions. Several clinical and population-based studies suggest that DHEAS plays a protective role against atherosclerosis and coronary artery disease in men (42, 43) . One study found that chronic DHEA supplementation exerts anti-atherogenic effects although homocysteine concentrations were not modified by the treatment (44) . It seems likely that the anti-atherogenic effects of DHEAS are independent of its action on plasma homocysteine concentrations.
The present study has some limitations. Homocysteine is metabolized by remethylation to methionine or by transsulfuration to cysteine. The remethylation pathway regulates fasting levels of homocysteine, whereas the methionine load test measures the activity of the tHcy catabolic transsulfuration pathway. It has been shown that fasting tHcy levels are only weakly related to the tHcy response to methionine loading (45); therefore, we cannot exclude the possibility that endogenous androgens influence the tHcy catabolic transsulfuration pathway. In addition, the interpretability of the results may be restricted by several factors inherent to the cross-sectional design and do not provide direct evidence of cause and effect. Another limitation is that because of within-subject biological variation, the single measurement of both sex hormones and several risk factors will reflect long-term averages less precisely than repeated measurements.
In summary, we found no significant association of testosterone (total, bioavailable), estradiol (total, bioavailable), or DHEAS levels with fasting plasma homocysteine levels in middle-aged and elderly men. 
